The purpose of this study was to determine the effects of repeated colloidal bismuth subcitrate administration on the cellular populations of the fundic region of the rat stomach and to investigate the effect of such treatment, after initial ethanol damage, on the gastric response to a second challenge by ethanol. The Food, but not water, was withheld from all of the animals for 24 hours before the experiment began. On day 1 of the experiment, the ethanol alone and ethanol+CBS groups were given 4 >il of 100% ethanol/g body weight, by oral intubation. The control and CBS alone groups were given equivalent volumes of distilled water. Drinking water and food were withheld from all groups for one hour after treatment.
Colloidal bismuth subcitrate (CBS) is an established protective and therapeutic agent for the treatment of a number of gastrointestinal disorders.
I I The protective and remedial actions of CBS are the results of a number of its properties. Colloidal bismuth subcitrate has been shown to bind to and stabilise the mucus, thus increasing the resistance to the back diffusion of hydrogen ions. 3 Colloidal bismuth subcitrate also has the ability to preferentially bind to the areas of gastric damage,4 stimulate mucus secretion,5 inhibit pepsin secretion,6 actively bind bile salts7 and inhibit pyloric Helicobacter," which has been implicated as the causative agent in gastritis. 9 The mechanisms of action of CBS, however, have yet to be fully elaborated, but it is becoming increasingly obvious that a number of biochemical events are involved in this defensive action, with the increased production of prostaglandins"l'2 and glycoprotein complexes'3 contributing to the protective effect.
The potential of CBS as a protective agent has been demonstrated by experimental work which has shown that short term pretreatment with CBS can prevent gastric damage by ulcerogenic agents." '-2 There is little information, however, on the protective action of CBS after repeated treatment, particularly in relation to the recurrence of gastric damage in previously injured tissue; although it has been shown that patients treated with CBS have lower rates of relapse compared with patients given H2 blockers. II15 The aim of these experiments was to investigate the effects of prolonged CBS treatment after ethanol damage and its ability to protect the stomach against a second ethanol challenge.
Methods

ANIMAL TREATMENT
Forty, nine week old, male rats, of a WAB substrain, were used throughout the following experiments. The animals were routinely maintained on a standard pelleted diet and tap water ad libitum. The animals were weight matched and allocated to one offour experimental groups, each containing 10 animals, one week before the start of the experiment. The four groups consisted of animals treated with: (i) ethanol alone, (ii) CBS alone, (iii) ethanol+CBS, (iv) distilled water.
Food, but not water, was withheld from all of the animals for 24 hours before the experiment began. On day 1 of the experiment, the ethanol alone and ethanol+CBS groups were given 4 >il of 100% ethanol/g body weight, by oral intubation. The control and CBS alone groups were given equivalent volumes of distilled water. Drinking water and food were withheld from all groups for one hour after treatment.
The CBS alone and ethanol+CBS groups received 240 mg colloidal bismuth subcitrate/kg body weight, by oral intubation two hours after the ethanol administration. Colloidal bismuth subcitrate administration was repeated every 12 hours for the following seven days. The control and ethanol alone groups were given equivalent volumes of distilled water over the same time course.
On day seven of the experiment, a second instillation ofabsolute ethanol was administered, as previously described, to the fasted, ethanol alone group. Food and water were withheld for a further hour thereafter, and 30% of the animals in this group were killed at two hours and four hours, and 20% at 24 hours and seven days after the second dose of ethanol.
The ethanol+CBS group were treated in an identical manner to the ethanol alone animals, but CBS administration was continued at 12 hour intervals. Thirty per cent of the animals from this group were killed at two hours and four hours, and 20% at 24 hours and seven days after the second ethanol instillation.
The CBS alone group were given 4 [tl distilled water/g body weight on day seven of the experiment. Half of the animals in this group were killed on day 7, one hour after the final CBS dose. The remaining animals were maintained on the 12 hour CBS regime for a further seven days and killed after a total of 14 days of CBS treatment.
Distilled water was used as the placebo to CBS and ethanol in the control animals. All of the animals were given 2 mg colchicine/kg body weight, by intraperitoneal injection, two hours before death in order to arrest dividing cells at metaphase.
HISTOLOGY
The animals were killed by cervical dislocation. The abdominal cavity was opened immediately and ligatures applied to the oesophageal and duodenal junctions of the stomach. 0 
Results
The administration of 240 mg of CBS/kg body weight had no apparent ill effects on the growth and general welfare of the animals. The use of brucine iodide, for the detection of bismuth, on histological sections showed discrete deposits of bismuth over the mucosal epithelial surface at two and four hours after CBS administration, whereas control sections from animals not given CBS showed no indication of such deposits when r * 9 9 stained with brucine iodide. By six hours after CBS administration, bismuth could not be de- Figure 2 shows the frequency distribution of the areas counted in each of these categories. In tissue from the control animals the majority of the areas counted fell into category 7 (61-70 cells/ area), whereas a significant shift (p<0 001) to the higher density categories was observed in both of the groups treated with CBS (Fig 2) . With CBS treatment, the peak distribution occurred in category 8 (71-80 cells/area), with fewer areas falling into the lower density categories compared with the controls. In addition to the increase in mucosal epithelial cell density with CBS administration, it was also found that the depth of the epithelial cell region increased when the animals were given CBS (Fig 3) .
Colloidal bismuth subcitrate treatment also had a significant effect on the cellular popula- (Fig 5) . The percentage of however, was significantly lower control values in the groups treat seven or 14 days (Fig 4) . The administration of ethanc in extensive gastric damage. damage was categorised accordi of the resultant gastric erosion C each category are illustrated ii At two hours after ethanol insti of the areas examined showed indication of damage and we intact. In 63% of the areas, t confined to the mucosal epitheli; of the areas had severe haem4 extending into the neck region a 7). The damage was far less se in the animals treated with CBS 32% of the areas remained u only 10% of the areas were classified as severely damaged (Fig 7) .
The degree of damage in the animals given ethanol alone was reflected in a significant (p<0-001) depletion of mucosal epithelial cells (Fig 1) . Figure 8a shows that ethanol alone resulted in a significant shift (p<0-001) in the distribution of cell densities to the lower categories compared with the controls. At two hours after ethanol administration more than 50% of the areas contained fewer than 10 epithelial cells, indicating almost complete destruction of the surface mucosal epithelial cells in these areas (Fig 8a) (Fig 3) .
Ethanol instillation resulted in a significant (p<0001) decrease in the number of mitotic figures recorded in the neck regions of both the 4 24 7 placebo and CBS treated animals (Fig 4) (Fig 4) . This was and ethanol mainly the result of a significant decline 1 7 day.
(p<0-001) in epithelial cell numbers, with no fferentfrom values significant change in the number of parietal cells (Fig 5) .
At four hours after ethanol administration o increase in the there were signs of initial repair to the damaged on was observed areas. The majority of the damaged areas were ion (Fig 4) . This covered by a single layer of epithelial cells was largely be-( Figure 10 ). In some cases the underlying iber of epithelial tissue still showed signs of lesions deep into the in the number of glandular region. Despite this initial restitution ed with control of the epithelial layer, no significant changes in fcells in mitosis, the mucosal depth measurements were observed (p<0001) than in either group between two and four hours after ted with CBS for the ethanol administration (Fig 3) . There was a significant (p<0001) increase, however, in )I alone resulted the mean density of the mucosal epithelial cells The severity of (Fig 1) . The re-epithelialisation of the mucosal ing to the depth surface resulted in a dramatic fall in the inciand examples of dence of areas containing less than 10 cells per n Figures 6a-f. area (p<0-001), with the majority of areas falling illation, only 9% into categories 2-4 in the ethanol alone group no microscopic (Fig 8) . In the ethanol+CBS group, recovery re classified as was significantly (p<0-001) further advanced he damage was than in the ethanol alone group, with the maal cells, but 27% jority of areas occurring in categories [7] [8] [9] (Fig 9) . orrhagic lesions When compared with values at two hours, the and beyond (Fig restitution of mitotic rate in the ethanol alone group, however, was still 74% lower than control values (p<OOO1), whereas in the ethanol+CBS group the rate was 36% below that of the CBS alone group (p<OOOl, Fig 4) At 24 hours after the second ethanol dose, recovery was at an advanced stage. Mucosal depths had attained levels which were comparable with control values in both the ethanol alone and the ethanol+CBS groups (Fig 3) . Similarly, the number and density distribution of these cells showed a further shift into the control range (Figs 8c and 9c) . The mucosal epithelial cell numbers in the ethanol+CBS groups were not significantly different from those found in the animals treated with CBS alone, but in the animals treated with ethanol alone the epithelial cells numbers were still significantly lower than control values (p<OOO1). Accordingly, the rate of cell division in the ethanol alone group was significantly higher than control values at this stage (p<OOO1). In contrast, the rate of mitosis in the ethanol+CBS group was not significantly different from that of animals treated with CBS alone.
At seven days after the second ethanol administration restitution of the gastric mucosa was virtually complete (Figs 1 and 8d) . The cellular populations of the mucosal and neck regions from the ethanol alone and ethanol+CBS treated groups were comparable with the control and CBS alone groups respectively (Figs 1, 3, 4, 5) . In the ethanol alone group, however, there were a few areas where erosions persisted (Fig 11) . In the ethanol+CBS group there was no indication of erosions but there were signs of bifurcations in the lines of epithelial cells at the tops of the pits which is frequently observed after gastric injury (Fig 12) . 
Discussion
In a clinical situation it is usual to administer CBS in the fasting state, but the experimental regime used in this study, consisting of repeatedly administering CBS at 12 hourly intervals, precluded the use of continuously fasted animals. The use of brucine iodide staining demonstrated the presence of bismuth at the luminal surface of the stomach at two and four hours after CBS administration, however, suggesting that CBS was bound to the mucus layer in the present experimental regime. The dose of CBS used in these experiments was higher than the standard therapeutic doses but was comparable with the levels given to experimental animals by other workers and, in particular, is known to increase gastric prostaglandin generation.""2
The present study shows that repeated CBS treatment results in an increase in the density of the mucosal epithelial cells, as well as an increase in mucosal thickness. It is possible that these effects of CBS on the mucosal epithelial cells were the result of factors such as contraction of the gastric smooth muscle. Contraction of the smooth muscle, however, would result in an increase in the density of all of the mucosal cell types. As no significant change was found in the parietal cell numbers, and the proliferative cell numbers decreased, the suggested role of smooth muscle in the effects of CBS on the mucosal epithelial cells appears improbable. The action of CBS on the mucosal epithelial cells was associated with a decline in the rate of cellular proliferation in the neck region, suggesting that the increase in the epithelial cell population was not the result of an increase in the rate of proliferation of the stem cell population. Previous reports have shown that a single dose of CBS forms a coating which effectively protects the stomach against damage."08 The mechanism which mediates this protective action of CBS has not been fully elucidated, but it has been shown that CBS precipitates on the mucosal surface to form a diffusion barrier to The rate of recovery was faster with CBS treatment, which confirms the reports from other workers,' and was to be expected when the animals were being treated with CBS at 12 hour intervals. The recovery was also favoured by the initial reduction in damage in the CBS treated rats. In the majority of cases the laminal scaffold, which is essential for rapid tissue reorganisation after damage,33-39 remained undamaged in the ethanol+ CBS groups.
Although the time course of repair after the second ethanol challenge appeared to be comparable with that reported after initial damage, some of the deep erosions persisted through to the seventh day after the second dose of ethanol alone. In contrast, no erosions were detected in the ethanol+CBS groups at this time, suggesting that CBS did ameliorate the persistence of severe damage. These findings concur with previous reports indicating that CBS is not only successful in promoting the healing of gastroduodenal ulcers but also in reducing ulcer relapse rates.'526 0 I' A major implication of the present results is that CBS can cause hypertrophy of the gastric mucosa in experimental animals; an action which may be involved in reducing ulcer relapse rates. As there is little information available on the effect of chronic CBS treatment on the cellular populations of the human stomach, however, the importance of this trophic effect in the human situation is difficult to assess. 
